In Algeria, the use of chlorine in drinking water treatment is a widespread practice. When chlorine combines with natural organic matter (NOM), it forms various chlorine by-products such as trihalomethanes (THMs). In this work, we studied the relationship between chlorine consumption and THM formation, by chlorination of hydrophobic and transphilic (TRS) fractions. We compared the kinetic behavior and the THM formation potential of two major dams in east Algeria. A nonlinear regression modeling study showed a good correlation of the specific chlorine consumption and the specific THM formation. In the case of Ain Zeda dam and at pH ¼ 7, the specific THM yield coefficients α S were: 6.57 and 10.22 μg-THM/mg-Cl 2 .mg-C.L À1 for hydrophobic and TRS fractions, respectively, while at the same pH, they were 12.07 and 23.66 μg-THM/mg-Cl 2 .mg-C.L À1 for Ain Dalia dam.
INTRODUCTION
In recent years, the drinking water supply in Algeria has increasingly been provided by surface water. The drinking water treatment company (ADE: Algérienne Des Eaux), is still using chlorine as a primary disinfectant. Although this product has played a key role in the fight against waterborne diseases, it can cause other potential risks. In fact, surface water is known by its richness of natural organic matter (NOM) . Since the first studies by Rook () , the formation of disinfection by-products (DBPs) has been confirmed by combination of chlorine and NOM. The dissolved NOM is the main precursor of the formation of trihalomethanes (THMs) and other chlorinated by-products such as haloacetic acids and halogenated acetonitriles (Chang et al. ; Gang et al. ) . The objective of this work is to study and to compare the THM formation kinetics of two NOM fractions from two dams.
The studied sources were two large dams: Ain Dalia (Souk Ahras) and Ain Zeda (Setif), located in eastern Algeria. Together, they ensure the drinking water supply for more than two million people.
To obtain reproducible and meaningful results, the control of such variables as temperature, reaction time, residual chlorine, and pH is a necessary condition. Therefore, the use of a standard set of chlorination conditions is a requirement.
Standardized conditions facilitate the comparison of data from different studies and allow the evaluation of precursor characteristics of different types of water sources. To compare between different sources or organic fractions at different pHs, it is essential to take into account the chlorine demand, which can provide information on the dose that should be added in order to have, at the end of all kinetics, an amount of residual chlorine close to a constant value.
MATERIALS AND METHODS

Concentration and fractionation of humic substances
The fractionation of humic substances was performed on two columns of macroporous resins, XAD-7 and XAD-4HP, giving the hydrophobic (HPO) and the TRS fractions, respectively (Leenheer & Croué ) . The TRS fraction is defined as the fraction isolated from the XAD-4 resin. It is a complex mixture of aromatic and aliphatic hydrocarbon structures with attached amide, carboxyl, hydroxyl, ketone, and various minor functional groups.
The TRS structure is similar to humic substance fraction (fulvic and humic acids), with an intermediate polarity between that of hydrophobic and hydrophilic fractions and a molecular weight lower than that of humic acids. Second step: After a softening on cationic resin (amberlite IR-120(Na) BDH Chemicals Ltd, Poole, UK), the organic 
THM analysis
THM analysis was performed with liquid-liquid extraction gas chromatography (LLE-GC-ECD) following the USEPA method 551.1 (USEPA ) modified by Nikolaou et al.
(). The detection limit of this method is 0.8-1 μg/L.
Liquid-liquid extraction conditions
Thirty-five mL of samples were used for the THM extraction with 1 × 2 mL of 2 mL of n-Pentane (Merk Class GC, Germany) plus 6 g of anhydrous Na 2 SO 4 (Riedel-de Haën, Germany). The neutral salt (Na 2 SO 4 ) was added to the aqueous phase in order to reduce the solubility of THM. Each mixture was shaken for 1 min.
GC-ECD analysis conditions
Separation and identification of individual THMs were carried out on a GC 17-A class VP fitted to a 63 Ni radioactive detector (ECD), using nitrogen as a carrier gas. The stock standard solution of THMs was prepared in methanol (Riedel-de Haën Class GC, Germany).
Organic carbon analysis
Organic carbon analysis was conducted by two devices:
analysis of total organic carbon was carried out on a TOC analyzer (Formacs SKALAR Total Organic Carbon); and UV/Vis (UV PHARMASPEC 1700 Shimadzu with a 1-cm quartz cell).
Analysis method: high temperature combustion
The sample was injected into a heated reaction chamber.
The water was vaporized and the organic carbon was oxidized at high temperature to CO 2 . The CO 2 was transported in the carrier-gas stream and measured by means of a NDIR (non-dispersive infrared gas analyzer).
Chlorine consumption kinetics and THM formation model
The model used to study the chlorine consumption was that already used by Gang et al. () and Chang et al. () .
Two reaction rates (fast and slow) were attributed to the chlorine consumption reaction
We define
with
The first-order model for chlorine consumption kinetics has been proposed by Gang et al. () and Chang et al. ()
Factors K R , K S , and f were determined by a nonlinear regression method using XLStat-pro-7.5 software. The model used to link THM formation to chlorine consumption is
Since the concentration of dissolved organic carbon is proportional to THM formation and in order to generalize the model, we preferred to use the specific THMs where
Specific THM ¼ α:
where 
RESULTS AND DISCUSSION
The raw water and the fractions quality
The main physicochemical properties and the distribution of humic substances are summarized in Table 1 .
Chlorine demand
The chlorine demand was determined as follows: the HPO and TRS fractions were chlorinated with different concentrations of chlorine and left for a 7-day incubation period.
The Cl 2 /DOC ratios are: 0.5, 1, 1.5, 2, and 3 at a temperature of 20 W C and a pH of 7.0 ± 0.2 (phosphate buffer) where
The obtained results show a linear relationship between the starting specific chlorine dose (SSCD) and the residual
The proportionality constant K is shown in Table 2 .
To obtain the desired concentration of residual chlorine (2.5 to 3 mg/L) at the end of a 7-day reaction period, the residual chlorine concentration and the starting chlorine dose were fixed as follows:
Then, the DOC concentrations preparing for the kinetic monitoring of chlorine consumption and the THM formation were determined according to Equation (12). The results are summarized in Table 3 .
Modeling of chlorine consumption kinetics
The model constants of chlorine consumption kinetics at different pHs were determined from Equation ( To compare the chlorine consumption kinetics between different fractions and at different pH, we calculated the specific consumption of chlorine expressed in mg-Cl 2 /mg-C, as shown in Figure 3 . The majority of the least reactive compounds are in the NOM; these precursors are phenol compounds and methyl carbonyl. They play an important role in chlorine demand and in the formation of the majority of THMs.
According to Figure 4 , the specific THM formation kinetics of TRS fractions are greater than those of 
The pH is responsible for the distribution of hypochlor- The studied THM formation model described by Equation (6) links the THM formation to chlorine consumption. In order to generalize this model, new parameters called specific THM and specific THMs yield coefficient (α S ) have been introduced in Equations (7), (9) and (10).
The values of α and α S were determined by linear regression. The results are summarized in Table 5 . Therefore, the specific THM yields vary quite strongly for selected water samples.
CONCLUSION
In the present work, the relationship between chlorine consumption and THM formation from hydrophobic and TRS fractions was investigated. The obtained results could lead to the following main conclusions:
• The studied model, which links chlorine consumption to THM formation kinetics, gave satisfactory results with a good linearity. It could be used to predict the THM concentrations at different times.
• Comparing the two studied sources, it appears that Ain Dalia dam has a kinetic and a THM formation potential higher than those of Ain Zeda dam. This difference could be attributed to the complex composition of humic substances which changes from one source to another.
• The standardization of the starting chlorine dose is a necessary condition in such studies. In fact, the starting chlorine dose could be the limiting factor of THM 
